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REVIEW OE THE MUNICIPAL PUMPING A1LD ELECTRIC LIGHT PLANT
AT RANTOUL, ILLINOIS.
The fo llow ing is  a report on tixe present condition of the 
Municipal Pumping and E lectric  Light Plant at Rantoul, I l l in o is  
together with recomendations which would put the plant in excel­
lent condition and eliminate the present financia l loss and give 
a p ro fit  on the investment.
The plant is  located on the corner o f Ohio and Grove 
streets. I t  furnishes street and commercial ligh tin g  and supplies 
the town with water. I t  has been in operation about fourteen 
years. The plant was o r ig in a lly  in sta lled  by a firm  o f contract­
ors who thought mainly o f the p ro fits  to be derived from it s  con­
struction, furthermore the c ity  did not have i t  properly inspected 
before accepting i t .  The result was a poor in s ta lla tion  in  the 
f i r s t  place and la te r  additions have been made with a view to low 
cap ita l cost and without engineering advice.
BUILDING
The orig in a l building is  o f brick 42 by 48 fe e t being d i­
vided into an engine room 21 by 46 fe e t  and a b o ile r  room 18 by 
46 fe e t .  There has since been added a pump room o f "L" shape 
18 by 26 fe e t  in extreme demensions, another addition is  a small 
room fo r  the switch board 6 by 10 fe e t .  These are o f brick and 
t i l e  construction.
There has also been added a wooden shed fo r  the storage o f 
coal, which together with a lim ited space in the b o ile r  room has 
a capacity o f 200 tons o f coal. The building was well b u ilt  o.rig-
2in a lly  "but is  now in need o f repair. The roof in particu lar de­
mands attention.
BOILER ROOM
The equipment o f the "boiler room includes two 100 horse­
power "boilers, o f the horizontal tubular type, one is  fourteen 
years old and the other six, "both have "been repaired recently, one 
"being en tire ly  reriveted . They are now in good condition.
The "boilers are connected to an eight inch steam header which is  
covered with a good quality o f covering.
The water used in the "boilers is  that from the c ity  mains. 
The feed water heater removes a l l  scale and mud so that there is  
no trouble o f that hind in the b o ile r . The b o ile r  must be washed 
out about once in two weeks as a scum co llec ts  on the water, th is 
is  probably due to a lka li in the water.
The feed water is  supplied to the bo ile rs  through the blow 
o f f  pipes. Since there is  no trouble with mud th is is  not objec­
tionable.
At the rear o f the b o ile rs  is  a S t i l lw e ll  feed-water heat­
er, from which the exhaust o f the engines and a l l  pumps discharge. 
This is  not in the best condition, but ought to serve fo r  several 
years. The heater o ffe rs  very l i t t l e  back pressure on the engine 
as an indicator on the Buckeye engine showed arswefl no back pres­
sure whatever. However, there are times when more heat is  sup­
p lied  to the heater than is  necessary. The temperature o f the 
water is  about 200 degrees on the average, but i f  the pumps and 
engine are both running i t  is  frequently necessary to introduce 
cold water in order to make the pumps work.
5There are two "boiler feed-water pumps. One pump is  a 
small duplex pump located in the rear of the b o ile rs . I t  has 
been held in reserve but is  now so badly rusted that i t  is  worth­
less .
The other feed-water pump is  a single cylinder pump and 
is  in good condition, though i t  occasionally gives trouble. This 
pump is  located in the engine room, very conveniently to the b o il­
ers, yet where i t  w i l l  receive much better attention than the one 
behind the b o ile rs .
A seventy foo t brick stack is  located beside the b o ile r  
room, i t  is  w ell b u ilt and in excellen t condition.
In order to get the coal into the bins a home made eleva­
tor has been constructed from parts o f a corn sheller. I t  is  
driven by a very small second hand engine. The o u tfit  is  shock­
in g ly  in e ff ic ie n t  as the coal must be scraped up a long in c lin e, 
nevertheless i t  has enabled them to ge t ''th e ir  coal delivered from 
the cars at f iv e  cents less per ton. The saving on a 40 ton car 
o f coal would be $2.00. The engineer says that i t  does not make 
any appreciable d ifference in the coal consumption. The engine 
being run during the day when the f ir e s  are usually banked i t  is  
an easy matter to estimate the coal consumed. I t  is  less than 
500 pounds per car probably. This would cost $,44 with coa.1 at $1.75 
per ton. The saving is  therefore $1.50 per car.
EUGIHE ROOM
The engine adjoining the b o ile r  room is  a 100 horsepower 
automatic engine manufactured by the Buckeye Engine Co. I t  has 
been in use since the plant was started but is  s t i l l  an excellent
4engine. I t  has a 12 by 22 inch cylinder and rims at 185 revolu­
tions per minute. I t  has a 9 foo t f l y  wheel. I t  governs excel­
len tly  and carries the load without d if f ic u lty .  The piston rings 
are of the "L" type there being only two. They have become worn 
so that they have some play in th eir seats. This makes the engine 
knock very noticably and probably allows considerable steam to 
pass the piston. To remedy th is would necessitate turning down 
the piston which could not be done without sending the part away. 
This has not been done as i t  is  d i f f ic u lt  to get along without the 
engine, though the matter should be attended to .
The second engine is  a 125 horsepower automatic high speed 
engine manufactured by the Erie C ity Iron Works, Erie, Pa. The 
cylinder is  14 by 16 inches and the f l y  wheel is  8 fe e t  in diameter 
I t  runs at 190 R. P. M. The engine governs very poorly and the 
voltage must be watched with great care i f  the load is  at a l l  
fluctuating. The engine rims from one end la rge ly  and the engi­
neer is  unable to keep the valves properly adjusted as the plant 
has no ind icator. The engine was. bought second hand about three 
years ago and is  in very poor condition.
GENERATORS.
The generator belted to the Buckeye engine is  a composite 
wound machine, single phase 65 K. W., 1050 - 1150 vo lts  at 140 
cycles. I t  was manufactured by the Port Wayne E lectric  Works,
Port Wayne, Indiana. I t  has been used about f iv e  years being 
bought second hand about three years ago. I t  is  in good condi­
tion . The armature was badly burned a short time ago but is  s t i l l  
in use. A spare armature is  on hand which can be used i f  the
5other g ives out en tire ly .
I t  is  excited by a 110 vo lt machine belted to the armature 
shaft. The exc iter is  in good condition.
The generator belted  to the Erie engine has been in the 
plant since i t  started and was second hand when bought. I t  is  
rated at 50 K.W. and 1000 vo lts , 140 cycles. I t  is  f la t  composite 
wound. I t  is  in very poor condition and heats excessively even 
at lig h t loads. This may be due to the fa c t that i t  is  required 
to d e liver a higher voltage than i t  is  rated fo r . I t  has a sep­
arate exc ite r  which is  nearly ready fo r  scrap.
SWITCH BOARD
The switch board has two panels. I t  is  situated in a 
very small room there being about 20 inches between the bach of 
the board and the wall, one end of the board is  against one m i l  
and the other is  about 18 inches from the opposite w all. The
fron t o f the board is  less than 3 fe e t  from a w all.
The operator at the board can see but a small part o f the 
engine room. Moreover one of the panels is  fused with open fuses 
on the front o f the board, the switches are a l l  knife switches 
and en tire ly  exposed. I t  is  thus very unsafe fo r  the operator.
The older panel is  o f white marble 54 by 54 inches and 
contains an ammeter and voltmeter of good quality. The porcelain 
covered fuse blocks, poten tia l transformer, ground detector, and 
rheostat are a l l  carried on the front of the board. A l l  the ap­
paratus is  manufactured by the Eort Wayne E lectric  Co. The panel 
contains three switches fo r  the street ligh ting c ircu its , these
6are very small and by no means adequate fo r  1100 v o lts .
The second board is  of s late. The ammeter and voltmeter 
are cheap instruments manufactured by the Dougan Co. The poten­
t ia l  transformer and lightning arresters are Westinghouse apparatus 
The fuse block carries open fuses as previously mentioned.
The lightning arresters fo r  the street c ircu its  are placed 
on the wall behind the switch board. They were constructed by 
the engineer in charge out of pieces o f scrap copper. The e f f i ­
ciency of th is apparatus mas'' best be to ld  by the fa c t that la s t 
season, a lightning stroke entered over one of them, fusing the 
copper of the arrester un til the generator was short c ircu ited  
and the generator fuses opened the lin e .
PIMPS
There are two d irect acting steam pumps, l i f t in g  water 
about 80 fe e t  from wells 100 fe e t  deepr-the same pumps force the 
water into a tank the bottom o f which is  90 fe e t  from the ground. 
The pumps have 8 inch pump cylinders and 12 inch steam cylinders 
and 42 inch stroke, but one is  operated at 35 inch stroke 16 
working strokes per minute, the other at 34 inch stroke and 23 
working strokes per minute.
I t  takes about six hours pumping to f i l l  the tank i f  no 
water is  being drawn o f f .  I t  requires about two tanks fu l l  per 
day on the average to supply the town, varying from 1 l/3 to 
3 tanks fu l l  depending on the season. The water tank is  support­
ed by a c ircu lar brick  tower 90 fe e t  high, which is  well b u ilt 
and in good condition. The tank is of wood 22 fe e t  in diameter 
and 20 fe e t  high and holds 75,000 gallons. The d istribu tion
7mains are a l l  cast iron fo r  the larger sizes and are giving no
trouble
8ELECTRICAL LI 5TRI3UTI0U SYSTEM
The e le c tr ic a l d istribution  system has been added to from 
time to time without su ffic ien t fore-thought or engineering s k il l .  
The result is  fa r  from satisfactory. The high tension lines have 
been increased u n til some #3 wire has been used, th is is  s t i l l  in ­
adequate, since p ra ctica lly  a l l  the current goes out over th is 
l in e .
The system is  badly overloaded with transformers both in 
number and capacity. The connected load is  estimated at 135 K. ¥. 
of which 15 K. W. is  street ligh ting and which does not use trans­
formers. The combined capacity of a l l  the transformers is  146 
K. ¥. The best practice is  to have the connected load about 
three times the transformer capacity in residence d is tr ic ts  and 
1.6 times in business d is tr ic ts . These figures apply to large 
c it ie s  and could be somewhat reduced in a to?m of th is size. 
However, i f  the to ta l capacity of the transformers was reduced 
60^ i t  would s t i l l  be su ffic ien t and the core losses greatly  re­
duced. At present there are 46 transformers connected up or 
p ra c tica lly  one fo r  each block. The transformers are most o f 
them very old and in e ff ic ie n t .
The transformers are not properly distributed, there being 
one instance where the transformer is  1800 fee t from a house i t  
serves.
The connected load is  en tire ly  ligh tin g . There were no 
records concerning the connected load. I t  was estimated in the 
follow ing manner: Every house in town was located on the p lat o f
the town, by a numeral, corresponding to the estimated number of
9rooms in the house. I f  the house had e le c tr ic  serv ice , the num­
era l was encircled. The connected load was then estimated by the 
follow ing tab le. Each lamp was assumed to consume on the average 
o f 45 watts as there are many tungsten lamps in use.
Each house having
3 rooms contains; 3 ligh t s .
4 tt ft 5 n
5 i» 1) 7 »
6 i? ft 10 ft
7 i i I I 12 u
8 m It 14 "
9 it tt 16 tt
10 tt tt 18 It '
12 it It 20 n
13 tt tt 22 II
The business places were looked over and an estimate of 
the connected load in each house v/as made.
The to ta l connected load was estimated as 135 K. ¥.
STREET LIC-IITIITG
The street ligh tin g  consists o f three series c ircu its  on 
1100 vo lt  lin es . Two of these are 5 ampere c ircu its  and one, a 
3.5 ampere c ircu it . The c ircu its  carry too many lamps and there 
fore the lamps are below candle power, especia lly  on one c ircu it . 
The lamps are 50 candle power serves carbon lamps and are without 
re fle c to rs . The lamps are hung in the middle of the streets 
about 16 fe e t  from the ground.
The streets are lighted on a moonlight schedule
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0PSRATI0IT OP TEE PLAITT
The e le c tr ic  plant is  at present operated only from dusk 
to daylight. Most o f the year i t  is  possible to do a large part 
o f the pumping while the e le c tr ic  plant is  running. I t  is  
usually necessary, however, to do some pumping in the middle o f 
the afternoon. In the summer i t  is  necessary to keep the pumps 
going as much as 18 hours in the 24.
The plant is  run by two men, each man acting as both en­
gineer and fireman fo r  h is portion of the run. The man in charge 
is  on hand in the afternoon and evening un til midnight, when he is  
re lieved  by the other man who runs i t  the rest of the night. Any 
repairs on the lin es  or station are made by these men during the 
day time.
Some day labor is  frequently employed to help shovel coal 
when a new lo t is  delivered to  the station. The only other help 
employed is  a co lle c to r . This man devotes only a portion o f his 
time to th is work. He reads the meters o f the business houses 
every month and those in the residences every three months. He 
receives the money fo r  the ligh t and water service at his place o f
t *
business and keeps such records as are necessary. He is  paid 
bfo o f the gross receip ts.
COAL CONSUMPTION OP THE PLANT
11
A single tes t was run on the plant to determine the re la - 
t iv e  performance o f the steam engines and pumps* The test was 
made March 19, 1910 and was a representative night fo r  both the 
pumping and ligh ting  loads.
The feedwater pipe between the heater and the feed pumps 
was opened and the pipes arranged to a lternate ly  pump from,and 
discharge in to/two barrels on scales. The arrangement was very 
sa tis factory  though i t  was necessary to run the feed water pump 
from the same b o ile r  that was used fo r  the test* I t  was thought 
that th is would make no rela/tive d ifference in th is case,. How­
ever, the steam pump got to leaking badly before the close o f the 
tes t so that the engines are placed at a re la tive  di sadvantage .
The summary o f the pump test is  as fo llow s:
Length o f Test 4.00 to 5.2? P. M. 1 hr. 27 min.
Pounds o f Peed Water D elivered .......................... 2124
Pounds Of Water per Hour ................................... 1470
Average Water Horse P ow er.................................9.6
Pounds o f Steam per Water Horse Power............. 153
Hie d ifference in b o ile r  le v e l at the beginning and end 
of the test was noted and a correction made fo r  th is . The aver­
age water horse power was estimated from the engineer's statements. 
The pumps run at a very uniform rate, and from previous observa­
tions i t  has been found that i t  takes 6 hours to f i l l  the 75,000 
gallon tank when no water is  being used. The average depth o f 
water in the well is  80 fee t and the discharge is  to a tank at an 
average head o f 100 fe e t ,  allowing 7 fe e t  fo r  fr ic t io n  head the
12
to ta l head is  190 fe e t .
1||2<8X^75^00 _ 9#6 horse power.
Steam Consumption of the Buckeye Engine.
Time o f test 5.30 to 10.05 P. M. ...................4 hrs. 35 min.
Total water used ...................................................13229 pounds
K. ¥. Hours generated .........................................119
Average load ....................................... ................. 26 K. ¥.
Pounds o f water per K. ¥. Hr.............................. I l l
The K. ¥. hours were taken from the load curve in amperes. 
The average voltage was 1120. The power factor was assumed to he 
unity.
Steam Consumption of the Erie Engine.
Time of test 10.05 to 11.50 P. M. ................... 1 hr. 45 min.
Total ra ter used ...................................................4127 pounds
If. ¥, Hours gen era ted ............... ..................... ..30.3
Average load .................................................. . . . .1 7 .2  K. ¥.
Pounds o f water per K. ¥. Hr. ............. ............136
Total water used in three te s ts ............... 19480
The coal used was .................................... .3525
Pounds o f water evaporated "by 
one pound o f coal ...................................................... 5.5
The extremely high water rate of the engines is  due to a 
number o f causes.
1st. Excessive steam consumption o f feed water pump. As pre­
viously stated the packing of the pump was soon cut out allowing 
a steady cloud of steam to escape by the piston rods. The slide 
valves and their seats had been so badly rusted that i t  was nec-
15
essary to draw -file  them. The leakage here was undoubtedly ex­
cessive.
This error would probably be about 2 percent.
2nd. In starting the tes t with the Buckeye Engine the engineer 
was busy with other things and allowed his b o ile r  to blow o f f  
three times. Once the gauge glass was watched and the water 
appeared to f a l l  3/4 of an inch. This corresponded to 300 pounds 
o f water. This seems a l i t t l e  large on comparison with Kent’ s 
Mechanical Engineers Handbook which would give about 200 pounds 
fo r  the same length o f time and size o f va lve. Taking 250 pounds 
as a mean th is  would give 750 pounds altogether or
or 5.8 percent error fo r  the Buckeye Engine.
3rd. The engineer having been convinced o f the error from the 
above cause, he allowed the steam to drop to a very low value.
The steam pressure averaged about 80 pounds fo r  the remainder of 
the te s t. I t  was somewhat higher la te r  in the evening when the 
load f e l l  o f f .
This v/ould increase the steam consumption about 5 percent 
( see Gebhardt's Steam Power Plant Engineering, page 257 )
I t  was thought best to use but one b o ile r  as th is would 
reduce the probable error due to d ifference o f le v e l in the b o ile r . 
At the commencement of the test the v/ater was rather high in the 
guage and so was kept so throughout the te s t. This probably in­
creased the amount o f moisture in the steam and thus increased 
the water rate.
The average da ily  consumption of the Buckeye engine would 
be 1 1 1 X ( 1.00 - .02 ) X (  1.00 - .058 ) X (  1.00 - .05 ) -  97 lbs
14
of steam per K. W. Er,
The steam consumption o f the Erie engine was not e ffected  
"by the second error, a,nd not to such a great extent by the th ird 
or fourth* I t  would be therefore,
136X ( 100 - .02 ) X ( 100 - *03 ) or 129 lbs. o f steam 
per K. ¥. Hr.
The pumps would be very l i t t l e  e ffected  by these as the 
feed water pumps had not started to leak badly, the load was very 
lig h t  and they run partly  th rottled  at a l l  times. Therefore, the 
consumption would be 150 pounds per water horse power hour.
Other items which very m ateria lly e ffe c t  the steam con­
sumption o f the plant but not the accuracy o f the test are, load 
fac to r, and leakage at the piston and valves.
The load fa c to r on the Buckeye engine was about .35 and 
on the Erie engine about .25. The steam consumption could be 
reduced from 20 to 25 percent on the Btickeye engine and even more 
on the Erie engine i f  the load were about three fourths of fu l l  
load.
The steam consumption of the Buckeye engine could be s t i l l  
further improved by stopping the leakage at the piston rings and 
valves. This would save from 5 to 10 percent.
The coa,l consumption o f the plant may be estimated as
follow s:
Pumps,
12 hours per day
9.6 water horse power at 150 lbs. o f steam per water horse­
power.
12X150X9.6X365 _ R73 + r»r»s vonr 
---- 5T5x'S0t5T5----------- ons per year*
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Buckeye Engine.
This engine is  used regu larly  through the peak load being 
shut down at midnight. The K. ¥• hours generated during th is pe­
riod on March 2, 1910 ( see load curve ) was 182 K. ¥. Hrs., as 
th is was prayer meeting night and the street ligh ts  were on the 
whole period i t  is  some?/hat above the average. The load curve 
fo r  March 19, 1910 v/as somewhat below the average as no street 
ligh ts  were used and there was no unusual demand. 150 K. ¥. 
hours were generated . As th is was very close to the vernal 
equinox i t  is  assumed as an average fo r  the year.
-  166K. W. Hrs.
The consumption of the Buckeye Engine was therefore
L  „  532 tons per year.
A fter  midnight on March 3, 1910 the load was a good aver­
age as the street ligh ts  burned approximately h a lf the time.
The K. ¥. hours generated were 121.
The consumption o f the Erie Engine was
121X 129 *  365 
5.5/2000
*
as 518 tons.
Total estimated annual coal consumption
Pumps.................................... 573
Buckeye Engine ..................532
Erie Engine ...........    518
Total .............................. 1623
The town. c lerk  a fte r  looking over h is b i l l s  said the an­
nual coal consumption was 1500 tons. Adjusting the coal consump­
tion o f each unit to make a to ta l o f 1500 ton3 we have:
Pump .................
Buckeye Engine 
Erie Engine ..
530 tons
16
490 "
480 "
17
FINANCIAL CONDITION 0? THE STATION.
ELECTRIC LIGHTING DEPARTMENT.
The value of the plant and clistrihution lines and pipe 
lines was estimated by the men in charge at $20,000, which was 
divided equally "between the e le c tr ic  and pupming departments.
The actual cost vras greater than th is hut th is '."as considered i t s
present value.
Expenses.
Coal 970 tons at $1.75 ............................$1700
Labor one man at $70 per month.............  840
Collections 5 percent gross income . . . .  152
Day labor at $2.00 per day .....................  50
.. *
Total Supplies s~tat/cnin
of
Charge $40 above to pumping plant . . . . .  91
Renewing street lamps ............................... 65
In t. & Dep. $10,000 at 15 percent ........1500
Total ............................................................$4398
Income.
Present Income ............................................$3029.92
Allowed fo r  street ligh tin g
82 lamps at $12 per year  ...................... 1100  ^JO
Annual loss ........................    268.00
Total .......................................................... $4398.00
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PUMPING DEPARTMENT 
Expenses
Coal 530 tons at $1*75 ............................§930
Lalor one man at §50 per month . . . . . . . .  600
Collections 5 percent gross income . . . .  140
Suppli e s ............      40
In t. & Dep..................................................... 1500
Total ..........................................................§32/0
Annual Income ............................................ §2798
Annual Loss ......................    412
§3210
Total Annual Loss .................................. § 680
COST OP ELECTRIC ENERGY PER KILOWATT HOUR.
( 165 + 121 ) 365 = 104,000 K. W. Hrs. generated per year. 
2898X 100 _
1047500 ~ 2.8  cents per kilowatt hour.
19
IMPROVEMENTS.
In considering what changes to make i t  is  necessary to 
examine the condition o f the town. The population is  between 
1,400 and 1,500, growth w il l  be slow but steady. At present the 
town has about 190 customers on thelines. This is  about as many 
as can be expected without a vigorous campaign fo r  new business 
which w il l  probably not be undertaken by a municipality.
However, there is  some demand fo r  day service the two 
printing o f f ic e s  and a concern manufacturing casket lin ings are 
anxious to in s ta ll motors. There are a number o f other* concerns . 
which might be induced to in s ta ll motors. There is  a lim ited 
demand fo r  day service by ligh tin g  customers. Undoubtedly■quite 
a load could be picked up from e le c tr ic  sadirons, fans and sewing- 
mac hi nemo tors . I t  has been estimated by the engineer in charge
that i f  day service were established the gross income could be 
increased $150 to $175 per month, which seems reasonable.
The town is  heavily in  debt and therefore any improvements 
must be made at as small a cost as possib le.
The follow ing improvements could be made with a reason­
able outlay, and would put the station in excellen t condition, 
and would show a p ro fit  on the business.
1 . The Erie Engine should be replaced by a smaller engine 
o f better quality.
2. The water pumping should be done by e le c tr ic  motors.
3 . Hew generators and transformers at 60 cycle frequency 
should be adopted.
4 A new switch board in sta lled
10
5. Series tungsten street lamps should be in sta lled .
6. D istribution  lines should be la id  out with more care.
7. 24 hour service should be adopted.
1. The Erie engine should be replaced by a smaller one. As 
run at present a 125 horse-power engine runs from midnight u n til  
the plant is  shut down in the morning and carries  an average load 
o f 15 KW. or 25 horse-power assuming an e ffic iency  for be lt and 
generator o f 80 per cent. Under these conditions its  e ffic ien cy  
is  very low. I f  an engine of the proper size were in sta lled  it  
would be possib le  to carry the load with great reduction in the 
steam consumption or about 70 pounds o f steam per kilawatt hour 
making a saving of 129 -  70 »  59 pounds per kilowatt hour.
The piston of the Buckeye engine should be put in good 
condition, to reduce the steam consumption o f th is engine. The 
smaller engine should be run un til the peak comes on and should 
be again put in service as soon as the peak is  over. It  would 
thus be possib le  to run the large engine at it s  maximum e ffic ien cy  
The steam consumption need at no time go above 70 pounds per KW, 
hour.
The saving on the load carried  by the Erie Engine would be
59 x 121 x 365 -  237 tons
5.5 x 2006
The saving on the load carried  by the Buckeye engine 
would be (97-70) x 166 x 365 .  149. The to ta l saving on 386
-----5 3  X V O tt
tons of coal at $ 1.75 per ton is  $675.
The cost o f such in sta lla tion  is
One 45 horse-power e n g in e -------- ---  -  ------------------  ------- $800
Cost of s e t t in g ---- ---  -  -  ------- --- -  ----------- ---  -  -  -  -  80 •*
Cost of removing old foundation - - -  ----  20
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One generator is  ready fo r  scrap, and the other has seen 
several years service.
The transformers are most o f them very old and in small 
sizes, and consequently the core loss is  excessive, "being in th is 
case "between 4 and 5 k ilowatts. Modern transformers would eas ily  
save 3 k ilowatts, since only h a lf the to ta l capacity need "be in ­
sta lled  and the e ffic ien cy  would "be much greater also. Since i t  
costs 2.8  cents per kilowatt hour to generate current at the switch 
"board, th is  would represent a saving of $460, assuming that the 
crirrent is  on f i f t e e n  hours per day.
This figu re can not "be used without caution since a large 
part o f th is loss occurs when the engines are lig h t ly  loaded and 
the s ligh t additional load that th is makes does not make a corres­
ponding increase in steam consumption. However, i t  shows the 
great necessity of replacing these transformers i f  day service is  
adopted.
Two phase equipment w i l l  he in sta lled . This wi 11 permit 
much cheaper generators and pump motors to he used. The d is t r i­
bution system w il l  he single phase. This ? d ll make i t  necessary 
to arrange the feeders fo r  balancing the load between phases. The 
balancing of the phases w i l l  be grea tly  aided automatically by 
having the pimp motors two phase .
Cost o f 60 Cycle Apparatus.
65 K. V. generator................... $850.00
30 " " "   400.00
Transformers..............................  800.00
$2050.00
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4. lTew Switch "board.
The switch hoard is  inadequate, and part o f the instruments are 
cheap and unsatisfactory. Considerable would have to he spent to 
put the old switch hoard in even fa ir  condition. A new switch 
hoard could he very eas ily  in sta lled  without much additional ex­
pense.
Cost of Switch Eoard.
Slate hoard, marine f in is h ............... $ 65.00
Iron supports fo r hoard..................... 17.00
9 instruments at $20..........................  180.00
4 o i l  switches at $26.50...................  106.00
2 o i l  switches at $65........................  130.00
4 plug switches at $10....................... 40.00
Ground detector...............................   20.00
Voltmeter switch.................................   6.50
4 poten tia l transformers...................  44.00
10 fuses and receptacles................   20.00
Lightning arresters at $4.70............  29.00
f"6'577<T0‘
Cost o f 60 cycle apparatus...............  2050.00
Tota l.......................................................$2707.50
5. Street Lighting.
As previously stated, the street ligh ting  is  not satis factory .
I t  is  recommended that series tungsten lamps 80 candle power and 
100 watts rating he adopted.
The lamps shall he supported at the sides of the streets 
hy four foo t goose necks. Each lamp shall he equipped with enam­
e l ed s tee l re fle c to rs . There shall he two series c ircu its  con-
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nected d ire c t ly  across the 1100 v o lt  buses. One c ircu it shall he 
equipped with 40 4 ampere lamps, the other c ircu it shall he 
equipped with 66 6.6  ampere lamps. Each c ircu it w il l  then carry 
the minimum number of lamps and about 5 lamps can be added to each 
c ircu it before the c ircu it is  overloaded. S t i l l  further increase 
in the system can be made by adopting 6.6 ampere, lamps on both 
c ircu its .
This plan would give over twice the e ffe c t iv e  candle power 
that is  now used and the current consumption would be only four 
f i f th s  o f the present consumption.
The cost of th is  system would be small as p ra c tica lly  no 
more wire is  needed. There are su ffic ien t poles on hand to make 
the change. Very few of the old poleg would have to be reset.
The cost of the goosenecks, re fle c to rs  and lamps would be about 
$5.00 per lamp, or $520.
I t  is  permissable to allow a higher rate fo r  these lamps, 
say $1.25 per month.
106 lamps at $1.25 per month..........$159 0
92 " at $1.00 " " ...........  110 OjP
Increased allowance in income..........$ 49 00
6. D istribution System.
A very great improvement in the regulation of the d istribu tion  
system can be e ffec ted . I I  the transformers are located as shown 
on the map, the load may be handled sa tis fa c to r ily . The follow ing 
table gives the size o f transformers to use in each place. The 
number and position  o f the transformer is  shown on the map. This 
table is  based on the assumption that the connected load should be 
2 l /2 to 3 times the transformer capacity in residence portions
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and about 1 l /2 to 2 times the transformer capacity in the business 
portions. Transformers placed near churches are not very much 
less than the connected load of the church, though considerable 
residence ligh tin g  is  carried from the same transformers. The 
to ta l connected load is  2 .2  times the transformer capacity.
Table of Transformers and Sizes.
Transformer Capacity
1 ........... ............... 5
2 ........... ........ 2 .
3........... ........ 1 .
4......... . ........ 1 .
5........... .......  10 .
6 ........... . ........ 1.5
7........... . ........ 25.
8........... . ........ 3.
9........... . ........ 2 .
10 ........... . ..........10 .
1 1 ......... , .........  7.5
1 2 . .........  4.
13......... .
Total 68.5
The sizes o f wires necessary fo r  the various feeders are 
given in the fo llow ing tab le. Tor the series c ircu its  the size 
o f wire is  determined by Lord Kelvins Law o f balanced cost. Tor 
the commercial ligh tin g  c ircu its  the drop in the primaries is  
lim ited to 2 fo.In no case is  wire smaller than Ho. 8 B & S re­
commended fo r  mechanical reasons.
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Drop
Ho. o f : Location. Single Maximum in Size of
Circuit Distance Current Volts Wire
6.6 Lamp 
Series.
: See Map 10,000 6.6 45 8
4£ Lamp 
/Series
: See Map 7,500 4 20 8
1 : Went Side Grove, Penn- 
: f ie ld ,  & Chicago Sts.
2,300 3.2 5 8
:North side on Grove to 2,200 11.5 20 6
2 Chandler St.
:North side North branch 500 1.4 1 8
: on Chandler St.
Total 21
:North side East "branch 1,800 .9 2 : 8
on Grove & Sheldon 2
Total
3 :Business D is tr ic t  on 
;Grove, and l /2 block 1,250 23. 22 3
: south on Garrard ------- i_
4 :S. S. east on Grove
: south on Gerard 1,700 25 13.3 2
•S. S. east branch
Sangamon 1,400 4.5 9 : 8
Total 22. "3
: S .-S. south branch on
: Gerard to Cong. 230 11.4 3.5 : 8
: S. S. south branch
: east branch to
•’ , ' Chandler 460 6 4 : 8
Total 2i3.8
: S. S. S. B . S. B. to
Champaign 460 4.5 2.6 : 8
:S. S. S. B . S. B. east
to Erederick 1,100 .9 1 .2 : 8
Total 20.6
: S. S. S. B. S. B. west
: to Tanner and
south 400 fe e t . 900 3.6 4 : 8
•
Total 23.4
VeryAadditional wire w i l l have to be bought. The old wire
is  in very good condition. $100 would be amply su ffic ien t fo r
a l l  new wi r e .
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Summary of Savings.
By more e f f ic ie n t  generating equipment........... $ 675.00
Saved By e le c tr ic  pumping.................................... 420.00
Reduced transformer losses.................................. 200.00
Increased allowance fo r  street lig h t in g .............490.00
$1785.00
Total Increase in Capital Required.
Engines............... ......................................................$1000.00
Pumping equipment..................................................  700.00
Transformers, generatorsand ST/itch hoard........ 2710.00
Wire..................................................................   100.00
Street ligh tin g  fix tu re s ...........................   520.00
Labor..............................................................    420.00
Engineering............................................................. 250.00
Grand To ta l.............................................................. $6000.00
The in terest and depreciation on th is at 15$ would he $900. 
The present loss is  $680. This plan w il l  therefore show a net 
p ro fit  o f 1785-(900-680)= $205 per year.
7. Bay Load.
I f  a day load is  h u ilt up and assuming an incease of $150 per 
month, there would be 2000 kilowatt hours sold or 24,000 per year. 
I f  onl?/- 80^ of the ciirrent were accounted fo r , there would he 
30000 kilowatt hours generated.
The cost o f coal would he
30,000 x 70 x 1.75 
---- 5.5 X som ------- $340.00
The additional labor cost would he one man at $50 per 
month and an increase of $10 per month in the pay of the ch ie f 
engineer.
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Labor cost....................................$> 720 00
Additional supplies................... 40.00
Coal cost........................................3340.00
Add. Dep. and Incidentals........ 200.00
$1300.00
The additional income would "be $1800. Consequently the 
to ta l net p ro fits  would $705.
SUIMARY
These estimates have heen conservative and the p ro fits  
which are indicated would not only wipe out the present loss hut 
also pay a p ro fit  on the additional investment of l i f t  above a l l  
expense, including in terest and depreciation.
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